Cycling hypoxia increases U87 glioma cell radioresistance via ROS induced higher and long-term HIF-1 signal transduction activity.
Glioblastoma multiforme (GBM) tumors are the most common type of brain tumors and resistance to radiotherapy. This study aimed to investigate the differential effect and mechanism of tumor microenvironments, cycling hypoxia and non-interrupted hypoxia, on tumor cell radiosensitivity in the human U87 glioblastoma tumor model. We exposed U87 cells and mice bearing U87 glioma to experimentally imposed cycling or non-interrupted hypoxic stress in vitro and in vivo prior to treatment with ionizing irradiation. Clonogenic survival assay and tumor growth measurements were performed to determine tumor radiosensitivity. The differential regulation of non-interrupted vs. cycling hypoxia by hypoxia-inducible factor-1 (HIF-1) and the impact of HIF-1α on hypoxia-induced radioresistance were assessed by molecular assay and RNAi-knockdown technology. Our results demonstrated that cycling hypoxia induced higher and longer term HIF-1 signal transduction activity via reactive oxygen species (ROS) in U87 cells compared with non-interrupted hypoxia. Cycling hypoxia-induced HIF-1α activation reflected ROS mediated HIF-1α synthesis and stabilization, whereas non-interrupted hypoxia-induced HIF-1α activation was due to decreased HIF-1α degradation resulting from decreased prolyl hydroxylation. With regard to tumor radiosensitivity, cycling hypoxia induced more tumor cell radioresistance and a decreased response to radiotherapy in U87 cells compared with non-interrupted hypoxia. HIF-1 knockdown during in vitro and in vivo hypoxic stresses combined with radiotherapy suppressed cycling and non-interrupted hypoxia-induced radioresistance while increasing overall tumor radiosensitivity. Our results suggest that cycling hypoxia induces more radioresistance than non-interrupted hypoxia in U87 gliomas, and ROS mediated HIF-1α activation is a crucial mechanism involved in hypoxia-induced differential radioresistant in U87 gliomas.